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Effects of Aqueous Extracts from Angelica dahurica Benth. on
a-Melanocyte Stimulating Hormone-induced Melanogenesis in

B16 Mouse Melanoma Cell.

Ui-suk Hong - Jun-hyuk Lee - Byung-tae Choi - Hwa-jung Yoon - Woo-shin Ko

Melanin determines phenotypic appearance and its electron-opaque property protects cells from physical, including ultraviolet
(UV) radiation, and chemical stimuli such as free radicals. However hyper-pigmentation is associated with various skin

diseases such as keloid scar. The aim of present study was to investigate the effects of aqueous extracts from Angelica
dahurica Benth. (AEAD) on a-Melanocyte stimulating hormone (a-MSH)-induced melanogenesis in B16 mouse melanoma cell.
Relative high doses (5 mg/m{) of AEAD could inhibit melanin formation without apoptotic death in cells treated with a-MSH.
And also, a-MSH-induced activation of tyrosinase was inhibited in cells treated with AEAD. These results suggest that
AEAD inhibit melanogenesis through inhibiting tyrosinase activity, and also, AEAD may apply to develop whitening drugs

and cosmetics.
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59 melanin AFEAQA 7] 2 A
A& 7K1 glen, AAZ E& A9 (UV, dira
viole)] FFL P AYE AYL ¥ melanin
A2 woln g L melanin FHIE 1
AR} optical and chemical fileringS: S| A
of o8 EgE RS BAFF. Melanin
£ melanocyte?) melanosomeo|d Z@slo] FAHE
AF A (biopolymer)oln], A WA 23 3
2 (2 AWl 3t} ALY £4¢ Yol
715 (photoprotection)® Wohel, W¥Aej 7
(determination of phenotypic appearance), /3 F&:2]
%4 (absorption of toxic drugs and chemicals) 5 o]
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Mouse?] melanomad! Bl6 A¥+= a melanocyte
stimulating hormone (o-MSH)®} )8} melanogenesis 7}
A 2sls, o-MSHE melanocyte®] Mo EAjsH=
melanocortin 1 receptor (Mcl-R)S £ adenylate
BA3NA  MFEW  cyclic adenosine
monophosphate (cAMP)9] }& F7HA17131, A3 L
2 protein kinase A (PKA)E 8493127 tyrosinase2]
BRE FEdAY $8d tyrosinases] FAE F%E
e Aoz den Yo

B ApiMs WA (B0, Angelica dahurica
Benth)9) E3%Eo] a-MSHe| 9§ BI6 mouse
melanocyte®] melanogenesisol] oJ® G3ko] Y= E
MYy melanin B4 2 AES melanin ),
tyrosinase®] 4% tyrosinase, TRP-I, TRP2)
protein level & Western biot S o] &3l ZA}slo] &
g Ang Ygivldl sk vlolt

cyclase S
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1. Nzel Hx

FHAAZ Y §HUX ¥ $58L A dawrica
Benth. 20%8 YeRd o, AT Hzatr) Ast
o] 10% fetal bovine serum (Gibco BRL, NY, USA)#
1%9] penicillin-streptomycin (Gibco BRL)®] ¥l
DMEM (Gibco BRL)o} 100 mgmte] EEE o1,
thA] 025 mo) pore sizeE 7} filerZ o 83}
AHEEgler, A dahurica Benth.o] €4 FEES
AFAD (aqueous extract from A. dahurica Benth)=

sl

2. B16 melanoma celi2] uf 2t

B o] AM2-¥ mouse melanoma cell§l B16&
d3dst FosharulstdozRe £4 Weko
o, AE ujke 95 90%S) DMEMe| 10% fetal
bovine seum} 1% penicillin-streptomycino} ¥.3Hel
AAE ARl e, 5% CO7t SHEE 3
7C humidity incubatorel} A wicksioich ABL 93}
of wj¢ Fepi3d R3so} gle Bl6 HEE
wypsin-EDTA (Gibco BRL)Z BHA1A 1x10°742
100 nn Wjo} 4710 LRE ThS, 24A17E St 95
A7 3, AEAD 2 [Nle' D-Phe’] a-MSH (Sigma, CA,
USA)E H2l3te 39 HEv 59 b wjgsidch



FolA 9] 42 : 1aiEe) a-Melanocyte Stimulating Hormonesl 918 #r =¥ BI6 4% Ao deld Ao ojxe 9%

3. AZ4 melanin 5o =8

B16 M X E phosphate-buffered saline2- A} ¥ %o
W3 1,000 pmoll A 58 AR sl Azag
AAG ¥ 10%2] DMSOE #33 1 N NaOHE 7}
to] 80 ColA 1 Azt &<t WAl &, 475 nmo)
A FBEE ZA3I L Synthetic melaning 0]-2-3}
o Frd FFIHNE YT F melming] =S
27483k

4. M2 melanin®] #4] &8

Bi6 AX9] WY 4FHE H3lo 404 moH F
& 28T, A & Al & A9 4
¥} 293 melanin®] ¢S AN gizTE
10%2 ¥2 A & A9

5. Mol HelX BE 9 3N 53

Bl6 AXE IxIO°7}Z 100 mn v} £7)0] e
08, 0447 B3 AT ARE sy,
59 F 2000§8 2 4008189 AR FrjiAg o
4319 AT FEIE BFslu ARNE Bk
T3 Qo] wel Hoechst332580 (Molecular probes,
CA, USA)S olg3le] M9 e Falsle] &3
gu|Zoz fAsle AX AlE QR E RAMBIYT
£ vj7)7 1559 7HA] oY AT 55 Agd
Ack

6. MX4 tyrosinase2l M =%

Tyrosinase©] 84S Martinez-Esparza et al. (1998)
9 Wye FAse AR 7has) Adushd,
Bl6 AXE wypsin-EDTA (Gibco BRU)Z F-H-A]H
IXI0°702 100 o ¥} 87lo] e TRS, 2417
T AR FAEAD 2 o-MSHE Agd}d 3
U3t W%k}l phosphate-buffered salined A| ¥ 4
Ul 1,000 pmol A SEZ YA Re)sle] A2olg

AT Lysis buffer (1% Triton X-100, 10 mM
sodium phosphate, pH 7.0, 0.1 mM PMSPE 7}t
o 30 27 dgoA HSAA AEE 5 3, 9
Apekel 429e A3t tyosimse B SHE
4oz ASET 9d BE W) §9S 3
3] 01 M sodium phosphate buffer (pH 7.0)%}
0.05% L-DOPA (Sigma)& A7}k 37CAA wH-e
A7198A 108 HEe2 405 nmolA] F3xe W)
£ 147 59 BRI

7. SDS-PAGE & Westem blotting

Bl6 AHEE PBSE A ¥ FAsI,
radicimmunoprecipitation(RIPA) buffer(50 mM Tris-HC]
pH74, 1% NP-40, 025% sodium deoxycholate, 150
mM NaCl, 1 mM EDTA, 1 mM PMSF, 1 mM NaF,
1 mM sodium orthovanadate, 1 pgmé aprotinin,
leupeptin, pepstatin) 2 lysisE A A8}, 14,000 rpmo]
A 2087 AREs Y dRds ¥tk 43d
& dojuio] Bradford’s methodol we} A3 3
Laemli's sample buffers} 410} 387+ #Q T 8%
9 polyacrylamide gel’dolX] A719EL FH3A
. A714FE F, gelde) @9 S nitrocellulose
membrane 0.2 274 10% skim milkZ blocking-&
¢ &, cARoE gAgA 2 A E Az
8 & enhanced chemiluminoescence method& 233
A A Xray BEo 73tk

2 7

1. AEAD7} M= melanin 44of ojxl= 2

AFADZ 05, 1, 2 mgmt®] =2 A23ti, 200
nMe] FE2 MSHE 37 ANl & £ 55U
Fate] AEHS melaning] FEE ST 47, 05,
1, 2 mgmed] FEANNE A9 AREA} YA
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Fig. 1. Effects of AEAD on melanin contents in
a-MSH-reated Bi16 celis. Cells were seeded at
1x10° cells per dish. After 24 hours, cells were
treated with several concentrations of AEAD in
presence or absence of 200 nM a-MSH, and
cultured for 5 days. Then melanin contents were
measured as Materials and Methods. Data are
meansS.E. of three experiments performed in
duplicate.
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Fig. 2. Effects of AEAD on melanin contents in
a-MSH-treated B16 cells. Cells were seeded at
1x10° cells per dish. After 24 hours, cells wese
treated with several concentrations of AEAD in
presence or absence of 200 ntM a-MSH, and
cultured for 5 days. Then melanin contents were
measured as Materials and Methods. Data are
meanstSE. of three experiments performed in
duplicate.

2. AEAD7} M %2 melanin Stjof ofx|+= o8

AgHes 3¥Ee] AEAD7L Bl6 AHES

melanin A3 AAETNE RPeu o] HEE0]
M9l wiokej oz Hu|dhs melanin®} . FE& hE
T A ez vaste] Wtk WA 9A
ooz AT melanin 44 AHEHD FE
05, 1, 2, 5 mgmtE x2l3tx o-MSHE A gat] 5¢
e & ouokale Hoe 1 e FENT
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Fig. 3. Effects of AEAD on extraceliular melanin
accumulation in a-MSH-treated B16 cells. Celis
were seeded at 1x10° cells per dish. After 24
hours, cells were freated with several concentrations
of AEAD in presence or absence of 200 nM
a-MSH, and cultured for 5 days. Then extraceliular
melanin contents were measured as Materals and
Methods. Data are meanszSE. of three
experiments performed in duplicate. >
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Fig. 4. Effects of AEAD on extracellular melanin
accumulation in a-MSH-reated B16 cells. Cells
were seeded at 1x10° cells per dish. After 24
hours, cells were treated with several concentrations
of AEAD in presence or absence of 200 nM
a-MSH, and cultured for 5 days. Then extracellular
melanin contents were meastred as Materials and
Methods. Data are meanstSE. of three
experiments performed in duplicate.
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3. AEADZ} Mjxo] Hejo} ZAof ojxE HE

AEAD7} B16 Alxe] dejole ojuldt d3E 1|
A dopr7] f3te] UM AR T2 Al
¥o) AP 3 2 IS 2000} 89 Fu|FoE &
A3tk AEADE dEAE oA Ad AX P
o] HgE fE3lgon, o] Az AEEAE F
82 JepiAlE &stel (dlole] vlAA). E& 5 ny
ne) FEoA o-MSHO| oA £AY E719) ¥4&
AEADOIN A=A} eistr). Melanocyte2] melanin®)
A& melmnosomeol N OFAR 2 00&S] B
u]do2 B16 AE2 melanosome % melanin
deposition BASIAL Gt Fg. 6elA HE vt
g} o] o-MSHE] Azd| ojste] A AEE7I
A Axe 77t ARE & 5 Ao, B2
9] pigmenis7} FFHATL 2L} AEADY] Ao
st 1 AT pigments7t AUiHoE A
3HS ¢ 4 A%k A, o-MSHOY &g AE9] 2
71 371 2 A 719 g4 oM Fg 59l 2
7o} vpA/HX| 2 AEAD7E AAE = 3tk

Fig. 59| Bs} 20| 5 ngnie] AEADE BIGH T
o} 342 dAsE Aoz BFAYODE o Y
3 A dojel& d7] A3t 05, 1,2, 5 mgmé]
AEADS$} 200 nM2] o-MSHE Aj2lste] 597k v %s}
dA ujg 3 o] wWsls AU Fg 7oA
HE uie} o] ujek 2dANE a-MSH &5z A
T A% Axpt Boly) Azsld o 78%S A
F A4S 14 Eg 7). ol @ 4% AAdE £
Tata AEADS| A&l & AES APE (cell
death)A] vpehb= A8 @411 apoptotic body 2l
A 9 chromesome ocondensation, rounding up 59|
HeHQ W3} (Fg. 8)9} trypan blue Aol ol& A
¥o| AZE (dole] uiAAh T o]idol AMATH

0.5momi

Fig. 5. Effects of AEAD on morphological changes in
a-MSH-trealed B16 ceffs. Cells were seeded al
1x10° oalis per dish. Alfter 24 hours, celis were
treated with several concentrations of AEAD in
presence or absence of 200 M a-MSH, and
cultured for 5 days. Then cells were
photographed by microscope (x200).

Fig. 6. Effects of AEAD on morphological changes in
a-MSH-treated B16 cells. Cells were seeded at
1x10° cells per dish. After 24 hours, cells were
treated with 5 mg/mé of AEAD in presence or
absence of 200 nMt a-MSH, and cultured for 5
days. Then cells were photographed by
microscope (x400).
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Fig. 7. Effects of AEAD on cell proiiferation in
a-MSH-treated B16 cells. Cells were seeded at
1x10° oelis per dish. After 24 hours, cells were
treated with 5 mg/mf of AEAD in presence or
absence of 200 "M a-MSH, and cultured for 5
days. Then number of cells were counted by
hemocytometer,

Fig. 8. Effects of AEAD on apopiotic celff death in
a-MSH-treated B16 cells. Cells were seeded at
1x10° cells per dish. After 24 hours, cells were
treated with 5 mg/mé of AEAD in presence or
absence of 200 nM a-MSH, and cultured for 5
days. Then cells were stained by Hoechst3325%0
and photographed by immunofiuorescence
mricroscope: {x400).

4. AEADJ} tyrosinase! #Mof njx= &

a-MSH9] Azlol 23 melanogenesist tyrosinase
o a7 A o dojus Aoz U#A
ez, B dAFdA= AEAD7} ¢MSHe| 93t
tyresinase ] &Adsjol] ojd JFS vl RAbe}
ek B16 HEo] 5 mgmie) AEADE 200 nMe] a
-MSH¢} 37 Aelg & 397F ikl tyrosinase)
B4E BT Fg 904X Rt uis} Zo| gz

6

o Hj8] tyrosinase®] B o-MSHO o o
34w} AE F7hort AEADY Aol gge} oj
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Fig. 9. Effects of AEAD on tyrosinase activity in
a-MSH-treated B16 cells. Cells were seeded at
1x10° cells per dish. After 24 hours, oells were
treated with 5 mg/mé of AEAD in presence or
ahsence of 200 nM a-MSH, and cultured for 3
days. Then tyrosinase aclivity was measured as
Materials and Methods. Daia are meanstSE. of
three experiments performed in duplicate.

uls:

5. AEAD7} tyrosinase, TRP-1 ¥ TRP-29]
of ol g

a-MSHo  2)3t melanogenesis®= tyrosinase %
TRP-1%} TRP-29] ©id 2ol oa) Axs= 2
o2 deid gu. aeg B Q7o =AEAD7}
a-MSHo| )%t tyrosinase} TRP-1 % TRP-2¢| o)
4 o] o JFE vAEA Westem bloto 2
ZABIYEh Fg 10014 B viel o] o-MSHe
olalo} tyrosinase®] WHES FAY T7HE YERAU
T AEADS] &= Ao 2J3}4] tyrosinase % TRP-1,
TRP-29] 2@o] 23]2] o-MSHO| T=Ag] A
wa) o Z7kke Aoz Yt (Fg. 10).
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Fig. 10. Effects of AEAD on the prolein levels of
tyrosinase, TRP-1, and TRP2 in «a
-MSH-treated B16 cells. Cells were seeded at
1x10° celis per dish. After 24 hours, cells were
tredted with 5 mg/mé of AEAD in presence or
absence of 200 nM a-MSH, and cultured for 5
days. Then the protein levels were measured as
Materials and Methods.

2t

al

wmEEdA B BN AFEfERHT 258 &

AZ 73 9oy Azt firlsS 1 £79
N2 2A] o} ffgel uld FEx A F,
O MRS Fastd DR EKEF d3des
vl =D, e BERFHS FR3) g 953
o2 HRe Aol A, M EUEHS st
SAEY 439 YUY F54802 flAs #
Bala RoA o, Fole FiEmol o it
€ A% 2Aske A4E gt g9 ¥de
S QgSA 3, BL EES BRY et
fiflol #osle e A& fA, 2H8A 3
I REFA @

i F8 7T F e YR2HH AAE
BEsk= 715dd, 53 A 2 Al daid
AXe dehde FAst] A5 4 AR F
8¢ 48 & ¥ ole AAE Hehde] 744y
AAEZ ojF3le AT RS F4sta A
e F R3NeS dvn doiA AP

A7te] BRHLE A7t 8ol oJdie] A
o), "eEhd, AT} A, 4359 74 ¢
7t2E So o8 #9350, £3) depde] 79 9

&S 3, 29JA, dE9 74 29, dAL W

o
)
il

K

L

rlo

g

284,

g_}zﬂx% [e)

s Cs ™ Oy o ©° k3
ez Qs dahd FAol ool WA 7w,
‘%"E‘”R, é%x} %9] 3'—}1\_“'_{;_ 712}%0] u}.,\g.ﬂ_qlé)

A2 d71egez A% 2EFS) s3is} o
of Be M) FaAel tF Bdel e
A, o)z A% #ixsie g2 A9 W3, 3
Zo] A lon, T vEHYA olFolA I
2 o] g Alo] gopAm .

o4 Aste] iz AT 7Y ofF F
ol HA & Aeolu, Al YT do
olgHE WyozE wuy E, s,
#olA Tol itk wwA FERE A 7k
) (phenolic derivatives)s}  BlHEA  HEA
(nonphenolic derivatives)7} St} #HEA GEA
ojm] g AT 3ln A9 $UAS ¢
hydroguinonedo] 131 ¥jHEA FEAZ= tetinoin
7} azelaic acid’} Qlck E3 HlER] CE Hehd A
A& A 7v 2z &It Ao LA
ot oA wa Astso] 7] fEl
24 AAEAL] J4A ALgoE FAZE Aslof
ok BRI o] 2REHE oldste} wEhl Co
F48 AYsNgie el AR Qo

gpRaA Aol et vl ArL2E FiF R
e v g B A7e Bl v
3 ARl g AT, i EAEe) vy Ev
of Bg A7 Fol Qo T4 A¥ Az
vy g apR ks v|okstA vEbdT

Melanin-& L-tyrosineo| thekdh ZA=2e] +

=
§ dosbd wEelE AHY 4

25

fo ¢ ll’

LEs
o
=3

(black t0 bmwn) ‘—}E}LH” *“*0191 pheomel &
oA Az (yellow to reddish brown)& 1}
e MAE 2. Melming APAHL
L-phenylalanineo] L-tyrosine© 2  hydroxylations] |
AZE AL Lyrosineoll | A4 A 02 AZE7|x
. Liyrosine®  L-dihydroxyphenylalanine

7



FgtoljdF R A8 Hi8d A6 49)

(L-DOPA)Z T}A] hydroxylaion¥|), LDOPAE
Y 9d& A=A  FsE  melanind
catecholamine®]  precursor7t  ®lvk.  L-DOPAE
eumelanogenic pathway$} pheomnelanogenic pathway 2|
+FH2o2 AH-HE dopaquinone & E oxidation¥ T}
7 Bumelanin®} pheomelanin® $ 7}Ae) AT =,
intermediatesq]  dihydroxyindole ~ (DHD®}  DHI
carboxylic acid (DHICA)S] A= 37 &£x39
oxidoreduction reactionse] 2|3}  dopaquinoneo]
leukodopachrome © 2 A #5]0] polymerizationS 53}
eumelanin© 2 FAH= HAE  eumelanogenesiss}
dopaquinone©] - cysteineo|L}  glutathioneo] 2 %3}od
cysteinyldopas} glutathionyldopa S FAsta 2 i
9 A&S AA pheomlanin® 2 FAHE A
pheomelanogenesis & F3te} A L.

Melanin®} A& 9A AFEA50] melanocyte
9] melanosomedl| 4} 0| A0, tyrosinase (monophenol
monooxygenase)ehe  enzymeo] 3 A|FEo}A| =
diFoln] Eoldd ZAuKgH| oF dojddt
3839). EREEY  tyrosinaser= oA 7i9)
N-glycosilation  site® 7} type 1 membrane
glycoprotein©® 2 melanosome WAl #F Eu,
L-tyrosine - hydroxylationg 73 L-DOPAZ #3}A|
71%, L-DOPAE oxidationg 7% dopaquinone© 2
AN B0 BAHD”. Tyrosinase ©]9]o) &
tyrosinase-related protein 1 (TRP-1)=} tyrosinase-related
protein 2 (TRP-2)7} melanogenesisol 4] 2431 A
o2 dejx gou, 1 7% ofF Z ¥EAR
Gn Jof® w3 melanocyte®} melanosomeol|A] A
339 melanin® 1S keratinocyteZ 2HIs|o] B
=] A= d), o] A= kinesin, dynein, myosin
V 53 & motor proteing ©)-8-3F actin filament 9}
microtubuleo] Bojahs Hog FA o

& 979 M= AEAD7} a-MSHol| ©]3 Bi6 4T
9 melanogenesisel] o)W FFL v|XEXE FAbS}
L, 1 7 AdHow & 155 5 ngmie)
FEANM AZY melning] F4E AR sHA0H,

8

ojZi0] melanin FEAFS] FE2 tyrosinase?] F4
A ozt AU & 4 AUk He 144 A4
99 vig} o] Aoz ¥ T 052 ng
noll A= AEAD7E AEW melanogenesisE A%

T USRS ¢ F AU, BaHes g TR

Smgmé AME FdslE A4 ARE UG
g 2. Gityoz ARHE #ofAle] 43S E
9 ¥EE 2 mgmtE YA gEdl, ole I %A
9= Ao o AT AFE T A 2 2F
£o] Yeh}y] ggolct 18 olfz & ATl
T Hg 594 BoE ujs} o] AEADS] ¥4 A
27} B16 A9 Hejo] AW o] J=AE A}
stk 2 Are 9ME AgdRe] Mg HAld
Aol AT 2k Zae g S ety WEE &
dehe A0E JERdUTh A olE AE Y
E9 Zast AX F4% od RS 7HAEA
ZA8t9 1, TF Hoechst332580 QA4S o] 8351
AEAD®] A7t MR AMEE fESEARE 24
3tk 2 ATE Fg 73 g 894 A
uie} o} AEAD7} gzl Hls] AX F49 o
AL s 2 Gzt AX AP 3RS
T Aeg et ogjd Fie ddFew
SIFEEQ kA Aol oFf AEe] AT #d
AZE §280] Q&S dnisieg & dAtolA
5 mgmé®] AEADE o|&-3}4] melanogenesis®] 7] 3|
AL AR

AEAD7} M¥u] melanin®] < JAs= 2o
2 UERRARE 22 U Ajzkdiell X i
02 #&% melanin®] F2 A9 JF& BA ¥A
U 23838 o & Yol AEHUY Ee 3). A
744 XA YA€ melanino] keratinocyte®] T
& flol AX 9z Enjdde ddde 18 §
A A%k 2 p38 mitogen-activated protein kinase
7b 2 #Ao) #Fde Bas Ut gl Aol
o E0FAE AEADY] ©5 Aele] sl AE
9} melening] F7t 7l Ao FEEHUYE,
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3] melmin®] 241§ SEF & Y=o o
g o882 A 9 1Y Fg 13 Fg 204
BAY Ade] oJ3lH AEADE 1 95o=
melaning] AL FESFAE R3ke Ao Algd
t}. 1222 Fg 33 Fg 49 Zdd dig = &
A9 2 bed AR Gl A Y B
A7t 1 4 Yk Holth ABADE 100 ngints)
FEE ARl 3o AREa glom, ol& A
¥o] A "ol 055 mgmee] =8 Ay
o I Ao 472 AAZ Aste wjge
melaning A&t WHE ¥E F ke Ao
tt. 1222 Fg 33 Fg 494 AAE ZAde A
¥ melanin®] F47 AE9] melaning] Pl v
EA 4AEA gon], AEADE AXuUle] melanin
AR JAFS AR

a-MSH9)| )3 B164 9] melanogenesis: in vivo
o419} melanogenesis®} FrALSE e EbleH), &
3 PepH AFoM B 4 & melancsome L
FAVE €719 897 pigments®] deposition©] v}Z
aR0|tH445). 449 7| epidermal melanin
o]F  kertinocyte9}e] AHES S
melanocyted] MEo] FAEE Fejoln, o] £7]
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